-A190  180  FLUORIDE  GLASSES  FROM  SOL  GELS(U)  MASSACHUSETTS  INST  01 
TECH  CAMBRIDGE  D  R  UHL MANN  15  SEP  86  AFOSR-TR-87-1726 
AFOSR-8S-0225 


UNCLASSIFIED 


F/G  11/2 


m 


UNCLASSIFIED  w 


URIJY  CLASSIFICATION  OF  THIS  page 


STIC  FILE  c OP* 


AD-A190  100 


iincMi  IUIM  /  DOWNGRADING  SCHEDULE 


4  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 


!U MENTATION  PAGE 

i  lb.  RESTRICTIVE  MARKINGS 


Form  Approved 
OMB  No.  0704-01 88 


3  DISTRIBUTION /AVAILABILITY  OF  REPORT 
Approved  for  public  release; 
Distribution  unlimited 


5.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 

AFOSR.TR.  87  -  1  7  !46 


6a.  NAME  OF  PERFORMING  ORGANIZATION  16b.  OFFICE  SYMBOL  I  7a.  NAME  OF  MONITORING  ORGANIZATION 

I  (if  applicable)  I 


Massachusetts  Institute 


6c.  ADDRESS  (City,  State,  and  ZIP  Code) 

Cambridge,  MA  02139 


Ba.  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 


AFOSR/NC 


7b  ADDRESS  (City,  State,  and  ZIP  Code) 
Bldg  410 

Bolling  AFB  DC  20332-6448 


8b.  OFFICE  SYMBOL  I  9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 
(If  applicable)  1 


AFOSR 


8c.  ADDRESS  (C/<y,  State,  and  ZIP  Code) 

Bldg  410 

Bolling  AFB  DC  20332-6448 


1 1 .  TlTi  F  flnrliiHm  saruritv  Classification ) 

FLUORIDE  GLASSES  FROM  SOL  GELS 


12  PERSONAL  AUTHOR(S) 

Professor  D  R  Uhlmann 


AFOSR-85-0325 


10.  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 
ELEMENT  NO. 

61102F 


PROJECT 

TASK 

NO 

NO 

2303 

A3 

WORK  UNIT 


13a  TYPE  OF  REPORT 
Final 


13b.  TIME  COVERED 
FROM _  TO 


14.  DATE  OF  REPORT  (Year,  Month,  Day)  |15  PAGE  COUNT 


COSATI  CODES 


GROUP  SU8-GROUP 


18  SUBJECT  TERMS  ( Continue  on  reverse  if  necessary  and  identify  by  block  number) 


19  ABSTRACT  ( Continue  on  reverse  if  necessary  and  identify  by  block  number) 

^The  use  of  sol-gel  coatings  to  strengthen  oxide  glasses  has  been  demonstrated  for 
the  case  of  fused  silica.  Increases  in  strength  to  as  much  as  2.2  times 
the  strength  of  uncoated  glass  have  been  obtained.  The  strengthening  does 
not  involve  the  annealing  of  surface  microcracks,  but  rather  the  filling-in 
of  such  flaws.  The  strengthening  does  not  depend  on  coating  thickness 
over  the  range  2000- lOOOQA"?  but  dnes  depend  significantly  upon  the  state 
of  hydrolysis  of  the  substrate  surface.  ^ 1  y 


20  DISTRIBUTION /AVAILABILITY  OF  ABSTRACT 
G3  UNCLASSIFIED/UNLIMITED  E  SAME  AS  RPT 


22a  NAME  OF  RESPONSIBLE  INDIVIDUAL 

Dr  Donald  Ulrich 


21.  ABSTRACT  SECURITY  CLASSIFICATION 


□  DTIC  USERS 


22b  TELEPHONE  (Include  Area  Code)  22c  OFFICE  SYMBOL 


KilKfWilYC'Viaci 


AF&SH.T*.  8  7*  17  26 


FINAL  REPORT 

ON 


FLUORIDE  GLASSES  FROM  SOL  GELS 


submitted  to 


AIR  FORCE  OFFICE  OF  SCIENTIFIC  RESEARCH 


by 


MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 


( AFOSR-85-0325) 


Accession  For 

NT  IS  GRA4I 
DTIC  TAB 
Unannounced  □ 

Justification _ 


By. - 

Distribution/ 


Availability  Codes 
[Avail  and/or 
Special 


?3 


Professor  D.R.  Uhlmann 
September  15,  1986 


^pfjyftdtorpaVllor 


*M 


•i 


1  C,3i  'I., 


•  "  •  :  :  do  cl  asses,  vis  initiated  in  September, 

initial  year,  attention  has  been  directed  to  both 


areas  of  the  or  is  inn  i  i  y-propo>;ed  program.  The  research  vas  carried 
out  by  Michele  Andersen,  a  graduate  student  in  the  Department  of 
Materials  Science  and  Engineering,  working  under  the  technical 
supervision  of  Professor  I'hlm.ann.  Miss  Andersen  received  her  under¬ 
graduate  degree  in  chemistry  from  MIT,  and  is  well  suited  for  :;rri. 
out  the  present  research  program,  with  its  strong  emphasis  on  viemist: 
+  materials. 

In  the  part  of  the  investigation  dealing  witii  the  synthesis  of 
fluoride  glasses  by  sol— gel  techn iques ,  the  system  zirconium- barium 
lanthanum/ aluminum  has  been  selected  as  the  starting  point  for  tin- 
synthesis  work.  Single-component  gels  are  known  which  were  produced 
using  zirconium  and  aluminum.  uLkcxidos;  barium  (like  other  alkaline 
earth)  compounds  have  problems  with  solubility  and/or  miscibility; 
and  relatively  little  is  known  ib  -ut  the  behavior  of  lanthanum 
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3.  Bariu;r.  isopronoxide  -*•  aluminum,  isopropoxide  to  produce  the 
double  aikoxide.  barium.  aluminum.  isopropoxi.de .  That  is: 


Ba(Oi?r)^  +  2Al(0i?r)-  -  Ba [A1 (OlPr ) . ]  , 


T'ais  synthesis  is  being  eirried  ciit  using  HgCl,  as  a  catalyst. 
Preliminary  results  are  encouraging;  but  again,  confirmation  rust 


ava it  c ha r a c t e r i z a t i on 


'h  and  M’R.  In  this  case,  successful 


synthesis  using  the  route  employed  here  v.as  reported  by  Bradley  and 
his  cc-workers . 


C.  Barium,  isopropoxide  +•  zirconium  isopropoxide  to  yield  the 
double  aikoxide,  barium,  zirconium,  isopronoxide.  That  is: 


Ba('OiPr)  ,  +  lAl(OiPr),  -  Bn  [Zr  ,  (OiPr) ,  ,  ] 
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As  with  the  barium  alum.i: 


.'propox ide ,  this  synthesis  is  carried 
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l.  Lanthanum.  isoprop  'xide  —  zirconium.  isopropoxide  to  viv 
double  alkoxide,  1  inch. mum  zirconium  isopropoxide.  Time  is: 


La(Oi?r).  +  3Zr(01?r). 


LaZr.,  (OiPr )  ,  - 
j  1  o 


This  synthesis  has  only  recently  been  decided  upon.  Experimental 
in  this  system  should  begin  within  the  next  month. 

It  is  apparent  that  limitations  exist  in  the  ratios  of  the  to 
cations  in  these  double  a  Ikoxi  Jos .  They  do,  however,  represent  a 
starting  point  for  testing  the  concept;  and  the  PI  team  are  confi 
that  methods  can  be  developed  for  increasing  the  flexibility  in 
tailoring  composition. 

'.fork  has  also  been  initiated  to  explore  the  characteristics 
f luoridation,  and  particularly  the  effects  of  fluoridation  treatm 
on  m.icrostructure .  In  this  work,  gels  are  being  prepared  from. 
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double  2  pro  1  ir  i  :\i  r; '  par:  ia  l  hydro:  vs  is  of  t  he  sl.-wcr- 

hydrole- \ng  species  (or  different  degrees  of  partial  hydr a les  is  :V 
the  two  si  .-wer-hydrolyzing  species)  will  be  effected  before  addins 
the  faster-  '  fastest- )  hydrolyr. ins  alkoxide  solution.  Should  this 
approach  not  yield  suf  f  ic  ient  ly  homogeneous  eels,  new  double  llko:-; 
will  be  synthes  iced  wiiich  o  nt  i  in  alkoxy  croups  other  than  the 
isopropo:-: ide  so  that  the  rates  of  necrolysis  of  the  different 
aikoxides  can  be  sub  sc  mtialiv  equalised. 

In  the  second  p  irt  of  the  investigation,  attention  is  being 
directed  to  mode ling  the  development  of  crystallinity  in  a  bodv 
subject  to  a  three-stage  thermal  history  (cooling  to  the  glassv  st 
reheating  to  a  drawing  temperature,  and  pooling  again  to  form  the 
glassy  fiber).  In  the  model,  the  two  cooling  rates  and  the  heat  in 
rate  +  draw  temperature  are  taken  as  arbitrary .  The  model  is  :  isc 
on  the  males  is  of  crystalli.’.at  ion  statistics,  which  describes  tb-- 
number  o*.d  h,:c  distribution  m  .  rental! ites  in  a  body  which  :  •• 

•  t  :  ■  :  giver.  thermal  m  mv.  Th i  •*  m->del  has  '  ..-on  :s<-  i  wi  ;h 
;._-s  r  ihe  the  c  rvs  t  : :  !  i  na  t  i  ■  vi  wiiich  takes  place  n 
rd..'  .  t :  c.  •  i  : !  ,  -  ,  .s  a  funct  i  i  the  barrier  to  •  rental  nucleiti 
(ti.e  c  ry  - 1  i !  -  i  i  v.  id  surf  ice  fmo  enemy)  . 
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.  r .  m  c:u-  inici.illy-cooied  glassy  state. 

Ct'-'s  ■.  :  .  1  i  . .  1  •  >.  which  takes  place  during  the  reheat  stage  has 
been  :  'uad  to  nepend  upon  the  percent  of  crystallinity  in  the 
initially-formed  glass,  at  least  for  volume  fractions  of 
crystallinity  which  exceed  about  10  That  is,  the  degree 

of  crystallinity  in  the  as-formed  glass  affects  the  stability 
of  the  liquid  against  crystallizat ion  during  subsequent  heating 
above  the  glass  transition  temperature,  save  when  the  percent 
crystal  Unity  in  the  as-lormed  glass  is  very  small.  These 
results  sugcest  that  very  rapid  cooling  to  form  the  initial  g’o.s 
employing  cooling  rites  which  well  exceed  the  minimum  cooling 
rates  for  glass  formation  -  well  be  advantageous  for  enhancing 
the  resistance  to  crystallization  on  subsequent  reheating. 


As  indicated  above,  modification  of  the  computer  code  to 
describe  three-stage  cooling-reheating-recooling  cycles  is 
presently  underway .  Preliminary  results  have  indicated  the 
importance  of  the  draw  temperature  and  the  temperature  intervals 
am-r.g  the  dr  :w  temperature,  liquid  us  temperature  and  glass 

d  t  ion  u  ra  Cure  in  affect  in  g  the  degree  of  crystallizat  ie 
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